In our patient, bilateral hand numbness and perioral numbness after stopping vitamin D and a positive Trousseau sign strongly suggest hypocalcemia. The classic physical findings in patients with hypocalcemia are the Trousseau sign and the Chvostek sign. The Trousseau sign is elicited by inflating a blood pressure cuff above the systolic blood pressure for 3 minutes and observing for ischemia-induced carpopedal spasm, wrist and metacarpophalangeal joint flexion, thumb adduction, and interphalangeal joint extension. The Chvostek sign is elicited
A 67-year-old woman presents to the emergency department after 8 weeks of progressive numbness and tingling in both hands, involving all fingers. The numbness has increased in severity in the last 3 days. She also has occasional numbness around her mouth. She reports no numbness in her feet.
She says she underwent thyroid surgery twice for thyroid cancer 10 years ago. Her medical history also includes type 2 diabetes mellitus (diagnosed 1 year ago), hypertension, dyslipidemia, and diastolic heart failure (diagnosed 5 years ago).
Her current medications are: • Metformin 1 g twice a day • Candesartan 16 mg once a day • Atorvastatin 20 mg once a day • Furosemide 40 mg twice a day • Levothyroxine 100 μg per day • Calcium carbonate 1,500 mg twice a day • A vitamin D tablet twice a day, which she has not taken for the last 2 months. She admits she has not been taking her medications regularly because she has been feeling depressed.
On physical examination, she is alert and oriented but appears anxious. She is not in respiratory distress. Her blood pressure is 150/90 mm Hg and her pulse is 92 beats per minute and regular. There is a thyroidectomy scar on the anterior neck. Her jugular venous pressure is not elevated. Her heart sounds are normal without extra sounds. She has no pulmonary rales and no lower-extremity edema.
The Phalen test and Tinel test for carpal tunnel syndrome are negative in both hands. Using a Katz hand diagram, the patient reports tingling and numbness in all fingers, both palms, and the dorsum of both hands. Tapping the area over the facial nerve does not elicit twitching of the facial muscles (ie, no Chvostek sign), but compression of the upper arm elicits carpal spasm (ie, positive Trousseau sign). There is no evidence of motor weakness in her hands. The rest of the physical examination is unremarkable.
■ POSSIBLE CAUSES OF NUMBNESS 1
Based on the initial evaluation, which of the following is the most likely cause of our patient's bilateral hand numbness?
□ Hypocalcemia due to primary hypoparathyroidism □ Carpal tunnel syndrome due to primary hypothyroidism □ Diabetic peripheral neuropathy □ Vitamin B 12 deficiency due to metformin □ Hypocalcemia due to low serum calcitonin All the conditions above except low serum calcitonin can cause bilateral hand paresthesia. Our patient most likely has hypocalcemia due to primary hypoparathyroidism.
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by tapping over the area of the facial nerve below the zygoma in front of the tragus, resulting in ipsilateral twitching of facial muscles.
Although the Trousseau sign is more sensitive and specific than the Chvostek sign, neither is pathognomonic for hypocalcemia. 1 The Chvostek sign has been reported to be negative in 30% of patients with hypocalcemia and positive in 10% of normocalcemic individuals. 1 The Trousseau sign, however, is present in 94% of hypocalcemic patients vs 1% of normocalcemic individuals.
2
Primary hypoparathyroidism secondary to thyroidectomy. Postsurgical hypoparathyroidism is the most common cause of primary hypoparathyroidism. It results from ischemic injury or accidental removal of the parathyroid glands during anterior neck surgery. 3, 4 The consequent hypocalcemia can be transient, intermittent, or permanent. Permanent postsurgical hypoparathyroidism is defined as persistent hypocalcemia with insufficient parathyroid hormone (PTH) for more than 12 months after neck surgery; however, some consider 6 months to be enough to define the condition. [5] [6] [7] The incidence of postsurgical hypoparathyroidism varies considerably with the extent of thyroid surgery and the experience of the surgeon. 6, 8 In the hands of experienced surgeons, permanent hypoparathyroidism occurs in fewer than 1% of patients after total thyroidectomy, whereas the rate may be higher than 6% with less-experienced surgeons. 5, 9 Other risk factors for postsurgical hypoparathyroidism include female sex, autoimmune thyroid disease, pregnancy, and lactation.
5
Pseudohypoparathyroidism is a group of disorders characterized by renal resistance to PTH, leading to hypocalcemia, hyperphosphatemia, and elevated serum PTH. It is also associated with phenotypic features such as short stature and short fourth metacarpal bones.
Calcitonin deficiency. Calcitonin is a polypeptide hormone secreted from the parafollicular (C) cells of the thyroid gland. After total thyroidectomy, calcitonin levels are expected to be reduced. However, the role of calcitonin in humans is unclear. One study has shown that calcitonin is possibly a vestigial hormone, given that no calcitonin-related disorders (excess or deficiency) have been reported in humans.
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Carpal tunnel syndrome due to hypothyroidism Our patient also could have primary hypothyroidism as a result of thyroidectomy. Hypothyroidism can cause bilateral hand numbness due to carpal tunnel syndrome, which is mediated by mucopolysaccharide deposition and synovial membrane swelling. 11 One study reported that 29% of patients with hypothyroidism had carpal tunnel syndrome. 12 Symptoms of carpal tunnel syndrome in hypothyroid patients may occur despite thyroid replacement therapy. 13 Carpal tunnel syndrome is a clinical diagnosis. Patients usually experience hand paresthesia in the distribution of the median nerve. Provocative physical tests for carpal tunnel syndrome include the Tinel test, the Phalen The Trousseau and Chvostek signs are not pathognomic for hypocalcemia test, and the Katz hand diagram, which is considered the best of the 3 tests. 14, 15 Based on how the patient marks the location and type of symptoms on the diagram, carpal tunnel syndrome is rated as classic, probable, possible, or unlikely (Table 1) . 14, 16, 17 The sensitivity of a classic or probable diagram ranges from 64% to 80%, while the specificity ranges from 73% to 90%. 14, 15 Carpal tunnel syndrome is less likely to be the cause of our patient's symptoms, as her Katz hand diagram indicates only "possible" carpal tunnel syndrome. Her perioral numbness and positive Trousseau sign make hypocalcemia a more likely cause.
Diabetic peripheral neuropathy
Sensory peripheral neuropathy is a recognized complication of diabetes mellitus. However, neuropathy in diabetic patients most commonly manifests initially as distal symmetrical ascending neuropathy starting in the lower extremities. 18 Therefore, diabetic peripheral neuropathy is less likely in this patient since her symptoms are limited to her hands.
Vitamin B 12 deficiency
Metformin-induced vitamin B 12 deficiency is another possible cause of peripheral neuropathy. It might be secondary to metformininduced changes in intrinsic factor levels and small-intestine motility with resultant bacterial overgrowth, as well as inhibition of vitamin B 12 absorption in the terminal ileum. 19 However, metformin-induced vitamin B 12 deficiency is not the most likely cause of our patient's neuropathy, since she has been taking this drug for only 1 year. Vitamin B 12 deficiency with consequent peripheral neuropathy is more likely in patients taking metformin in high doses for 10 or more years. Table 2 shows the patient's initial laboratory results. Of note, her serum calcium level is 5. Hypocalcemia can cause a wide range of clinical manifestations (Table 3) , the extent and severity of which depend on the severity of hypocalcemia and how quickly it develops. The more acute the hypocalcemia, the more severe the manifestations.
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Laboratory results and electrocardiography
21
Tetany can cause seizures
Hypocalcemia is characterized by neuromuscular hyperexcitability, manifested clinically 
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by tetany. 22 Manifestations of tetany are numerous and include acral paresthesia, perioral numbness, muscle cramps, carpopedal spasm, and seizures. Tetany is the hallmark of hypocalcemia regardless of etiology. However, certain causes are associated with peculiar clinical manifestations. For example, chronic primary hypoparathyroidism may be associated with basal ganglia calcifications that can result in parkinsonism, other extrapyramidal disorders, and dementia ( Table 4) . 6 Airway spasm can be fatal A serious manifestation of acute severe hypocalcemia is spasm of the glottis muscles, which may cause cyanosis and, if untreated, death.
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Ventricular arrhythmias
Another potential fatal complication of acute severe hypocalcemia is polymorphic ventricular tachycardia due to prolongation of the QT interval, which is readily identified with electrocardiography.
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Hypocalcemia does not cause pancreatitis Hypercalcemia, rather than hypocalcemia, may cause acute pancreatitis. 24 Conversely, acute pancreatitis may cause hypocalcemia due to precipitation of calcium in the abdominal cavity. 25 
Psychiatric manifestations
In addition to depression, hypocalcemia is associated with psychiatric manifestations including anxiety, confusion, and emotional instability.
■ STEPS TO DIAGNOSIS OF HYPOCALCEMIA
First step: Confirm true hypocalcemia Calcium circulates in the blood in 3 forms: bound to albumin (40% to 45%), bound to anions (10% to 15%), and free (ionized) (45%). Although ionized calcium is the active form, most laboratories report total serum calcium.
Since changes in serum albumin concentration affect the total serum calcium level, it is imperative to correct the measured serum calcium to the serum albumin concentration. Each 1-g/dL decrease in serum albumin lowers the total serum calcium by 0.8 mg/dL. Thus:
If the patient's serum calcium level remains low when corrected for serum albumin, he or she has true hypocalcemia, which implies a low ionized serum calcium. Conversely, pseudohypocalcemia means that the measured calcium level is low but the corrected serum calcium is normal.
Each 1-g/dL decrease in serum albumin lowers the total serum calcium by 0.8 mg/dL Using this formula, our patient's corrected calcium level is calculated as 5.7 + 0.8 (4 -3.2) = 6.3 mg/dL, indicating true hypocalcemia.
■ PHOSPHATE IS OFTEN HIGH WHEN CALCIUM IS LOW
In addition to hypocalcemia, our patient has an elevated phosphate level ( Table 2) .
3
Which of the following hypocalcemic disorders is not associated with hyperphosphat emia?
Vitamin D deficiency is not associated with hyperphosphatemia.
Second step in evaluating hypocalcemia: Check phosphate, magnesium, creatinine The major causes of hypocalcemia can be categorized according to the serum phosphate level: high vs normal or low ( Table 5) . Both end-stage renal disease and rhabdomyolysis are associated with high serum phosphate levels. The kidney normally excretes excess dietary phosphate to maintain phosphate homeostasis; however, this is impaired in end-stage renal disease, leading to hyperphosphatemia. In rhabdomyolysis, it is mainly the transcellular shift of phosphate into the extracellular space from myocyte injury that raises phosphate levels.
Normal-or low-phosphate, low calcium states. Hypocalcemia can also result from vitamin D deficiency, but this cause is associated with a low or normal serum phosphate level. In such cases, hypocalcemia causes secondary hyperparathyroidism with consequent renal phosphate loss and, thus, hypophosphatemia.
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Third step: Check serum intact PTH and 25-hydroxyvitamin D levels Hypocalcemia stimulates secretion of PTH. Therefore, hypocalcemia with elevated serum PTH is caused by disorders that do not impair PTH secretion, including chronic renal failure and vitamin D deficiency (Table 5) . Conversely, hypocalcemia with low or normal serum PTH levels suggests primary hypoparathyroidism. Our patient's serum PTH level is 20 ng/ mL, which is within the reference range. This does not discount the diagnosis of primary hypoparathyroidism. Although most patients with primary hypoparathyroidism have low or undetectable serum PTH levels, some have normal PTH levels if some degree of PTH production is preserved. 5, 7, [28] [29] [30] In these patients, the remaining functioning parathyroid tissue is not enough to maintain a normal serum calcium level, resulting in hypocalcemia. As a result, hypocalcemia stimulates the remaining parathyroid tissue to its maximum output, producing PTH levels usually within the lower or middlenormal range. 30 In such patients, the terms parathyroid insufficiency and relative primary hypoparathyroidism are more precise than primary hypoparathyroidism.
Postsurgical hypoparathyroidism with an inappropriately normal PTH level is usually seen in patients with disorders that impair intestinal calcium absorption or bone resorption. 31 In our patient's case, the "normal" serum PTH level is likely due to maximal stimulation of remaining functioning parathyroid tissue by severe hypocalcemia, which is a result of her discontinuation of calcium and calcitriol therapy and her vitamin D deficiency.
■ CASE RESUMED: NO RESPONSE TO INTRAVENOUS CALCIUM GLUCONATE
The patient is given 2 10-mL ampules of 10% calcium gluconate diluted in 100 mL of 5% dextrose in water over 20 minutes intravenously. Electrocardiographic monitoring is continued. Two hours later, her measured serum calcium is only 5.8 mg/dL, with no improvement in her symptoms. A continuous infusion of calcium gluconate is started: 12 ampules of calcium gluconate are added to 380 mL of 5% dextrose in water and infused at 40 mL/hour (infused rate of elemental calcium = 1.3 mg/kg/hour); 3 hours later, her measured serum calcium level is still only 5.8 mg//dL; at 6 hours it is 5.9 mg/ dL, and her symptoms have not improved.
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Which of the following is the most appropriate next step?
□ Change the calcium gluconate to calcium chloride □ Increase the infusion rate to 1.5 mg of elemental calcium/kg/hour □ Give a bolus of 2 10-mL ampules of 10% calcium gluconate intravenously over 1 minute □ Give additional oral calcium tablets □ Check the serum magnesium level Treatment of hypocalcemia can involve intravenous or oral calcium therapy.
Intravenous calcium is indicated for patients with any of the following 6, 32 :
• Moderate to severe neuromuscular irritability (eg, acral paresthesia, carpopedal spasm, prolonged QT interval, seizures, laryngospasm, bronchospasm) • Acute hypocalcemia with corrected serum calcium level less than 7.6 mg/dL, even if the patient is asymptomatic • Cardiac failure.
One 10-mL ampule of 10% calcium gluconate contains 93 mg of elemental calcium; 1 or 2 ampules are typically diluted in 50 to 100 mL of 5% dextrose in water and infused slowly over 15 to 20 minutes. Rapid administration of intravenous calcium is contraindicated, as it may produce cardiac arrhythmias and possibly cardiac arrest. Therefore, intravenous calcium should be given slowly while continuing electrocardiographic monitoring. 33 Since the effect of 1 ampule of calcium gluconate lasts only 2 to 3 hours, most patients with symptomatic hypocalcemia require continuous intravenous calcium infusion. The recommended dose of infused elemental calcium is 0.5 to 1.5 mg/kg/hour. 34 Several ampules are added to 500 to 1,000 mL of 5% dextrose in water or 0.9% normal saline and infused at a rate appropriate for the patient's corrected calcium and symptoms.
Oral calcium and vitamin D supplements can be given initially to patients with a corrected serum calcium level of 7.6 mg/dL or greater, with or without mild symptoms, if they can tolerate oral intake. However, this is not the treatment of choice for resistant acute hypocalcemia, as in this case.
Calcium chloride has no advantages over calcium gluconate. Further, it can be associated with local irritation and may result in tissue necrosis if extravasation occurs.
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Increasing the infusion rate of calcium gluconate to the maximum recommended dose may improve the patient's ionized calcium level and symptoms somewhat. However, it is not the best option for this patient, given that she did not respond to 2 ampules of calcium gluconate followed by continuous infusion of 1.3 mg/kg/hour for 6 hours.
Calcium gluconate bolus. Similarly, giving the patient an additional 2 ampules of calcium gluconate over 1 minute would not be recommended, as rapid administration of intravenous calcium gluconate (eg, over 1 minute) is contraindicated.
Check magnesium
If hypocalcemia persists despite intravenous calcium therapy, as in our patient, further investigation or action is required. An important cause of persistent hypocalcemia is severe hypomagnesemia. Severe hypomagnesemia (serum magnesium < 0.8 mg/dL) causes resistant hypocalcemia by several mechanisms:
• Inducing PTH resistance 32, 36, 37 • Decreasing PTH secretion 32, 36 • Decreasing calcitriol production.
The decrease in calcitriol production is a direct effect of hypomagnesemia, but it is also an indirect effect of low PTH secretion, which inhibits the enzyme 1-alpha-hydroxylase. Thus, conversion of 25-hydroxyvitamin D 3 to calcitriol is impaired, leading to low calcitriol production.
Our patient could have hypomagnesemia due to furosemide use and uncontrolled diabetes mellitus. Hypocalcemia resistant to calcium therapy may occasionally respond to magnesium therapy even if the serum magnesium level is normal. This may be due to depleted intracellular magnesium salt levels. 6, 38 Rarely, severe hypermagnesemia can also be associated with hypocalcemia due to inhibition of PTH secretion. 37, 39 ■ CASE RESUMED Our patient's serum magnesium level is 0.6 mg/dL (reference range 1.7-2.4 mg/dL). She is given 2 g of magnesium sulfate in 60 mL of 0.9% normal saline infused over 1 hour, followed by a continuous infusion of magnesium sulfate (12 g diluted in 250 mL of 0.9% normal saline, infused over 24 hours). On repeat testing 4 hours later, her serum magnesium level is 0.7 mg/dL, and at 8 hours later it is 0.9 mg/dL. She is subsequently started on oral magnesium oxide 600 mg per day. The magnesium sulfate infusion is continued for another 24 hours.
■ PREVENTING HYPERCALCIURIA
Patients with low PTH (primary hypoparathyroidism) may have hypercalciuria due to decreased renal tubular calcium reabsorption. • Giving a thiazide diuretic (eg, hydrochlorothiazide 12.5-50 mg daily) with a lowsalt diet. 41, 42 A thiazide diuretic is usually started once the 24-hour urine calcium reaches 250 mg. 6 Thiazides are thought to enhance both proximal and distal renal tubular calcium reabsorption. 43, 44 ■ PRIMARY HYPOPARATHYROIDISM:
LONG-TERM MANAGEMENT Long-term management of primary hypoparathyroidism requires calcium and vitamin D supplementation. Calcium supplements. The most commonly prescribed calcium preparations are calcium carbonate and calcium citrate (containing 40% and 20% elemental calcium, respectively). Calcium carbonate, which is less expensive than calcium citrate, binds with phosphate intake and requires an acidic environment for absorption, and so it is better absorbed when taken with meals. Because calcium citrate does not require an acidic environment for absorption, it is the calcium preparation of choice for patients on proton pump inhibitors, or patients with achlorhydria or constipation. 45 Calcium doses vary widely, with most hypoparathyroid patients requiring 1 to 2 g of elemental calcium daily. 6 Vitamin D supplements. To promote intestinal absorption, calcium is combined with vitamin D in a fixed-dose preparation given in divided doses. 46 Calcitriol (1,25-dihydroxyvitamin D 3 ) is the most active metabolite of vitamin D, with rapid onset and offset of action, and it is the preferred form of vitamin D therapy for patients with hypoparathyroidism. If calcitriol is not available or is not affordable, alphacalcidol (1-alpha-hydroxyvitamin D 3 ) is another option. This is a synthetic analogue of vitamin D that is already hyroxylated at the C1 position. After oral intake, it is hydroxylated in the liver to form calcitriol.
Since renal production of calcitriol is PTHdependent, in hypoparathyroidism the conversion of 25-hydroxyvitamin D 3 to calcitriol is limited. Therefore, vitamin D 3 (cholecalciferol) and vitamin D 2 (ergocalciferol) are not the preferred forms of vitamin D for such patients. However, either can be added to calcitriol, as they may have extraskeletal benefits. 7 ■ CASE CONCLUDED Our patient presented with primary parathyroid insufficiency associated with vitamin D deficiency. Therefore, in addition to calcitriol and calcium combined with vitamin D in a fixed-dose preparation, her management included vitamin D 3 for her vitamin D deficiency.
She was discharged on these medications. At a follow-up visit 3 weeks later, her measured serum calcium level was 8.6 mg/dL. She reported gradual resolution of her symptoms. She was also referred to a psychiatrist for her depression.
■ TAKE-HOME POINTS
• Hypocalcemia causes neuromuscular excitability, manifested clinically by tetany.
• Common causes of hypocalcemia include vitamin D deficiency, hypomagnesemia, renal failure, and primary hypoparathyroidism.
• The first step in evaluating hypocalcemia is to correct the measured serum calcium to the serum albumin concentration.
• Laboratory testing for hypocalcemia should include serum phosphorus, magnesium, creatinine, PTH, and 25-hydroxyvitamin D 3 .
• Primary hypoparathyroidism is characterized by hypocalcemia, hyperphosphatemia, and low serum PTH.
• Moderate to severe manifestations of hypocalcemia and acute hypocalcemia (< 7.6 mg/dL), even if asymptomatic, warrant intravenous calcium therapy.
• Correction of hypomagnesemia is essential to treat hypocalcemia, especially if resistant to intravenous calcium therapy.
• The goal of chronic management of primary hypoparathyroidism includes correcting the serum calcium level to a low-normal range, the serum phosphorus level to an upper-normal range, and prevention of hypercalciuria. At follow-up 3 weeks later, her measured serum calcium was 8.6 mg/dL, and her symptoms had gradually resolved
